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ABSTRACT 


This  la  a  report  on  pile  fabric#  eade  fro®  synthetic  fibero,  cotton, 
wool  and  niaarom  bland*  thereof.  Tiara  ware  three  technique*  employed 
la  the  construction  of  the  pile  fabric*  developed  under  thie  project: 

(1)  woven  cut  plla  fabric*  by  Goodall  Sanford,  Inc.,  (2}  inserted  pile, 
knitted  fabric*  by  Seer  fa  'a.  Berg  Corporation  end  (3)  n^jped  end/ or 
brushed  pile,  knitted  fabric*  by  Princeton  Knitting  Mill*.  Inc.  All  the 
eaaple*  developed  were  ccsqared  to  t Jv.  standard  wool  pile  fabric  sale 
according  to  requirement*  of  AT  Specification  KXL-C-5b63,  ta-plt 

waa  tasted  for  warmth  and  ccsyreseion  characteristic*  to  determine  the 
aflect,  If  any,  of  varying  thdamaeoefc.  bland*,  and  construction*.  It  waa 
observed  that  the  type  fiber  has  1  i tt j  _  Direct  on  the  uunoth  of  a  pile 
fabric;  bowevar,  Orion,  Dacron  and  I^prel  ooosietentiy  appear  slightly 
better.  Be  write  show  that  ooaeibly  a  double  thiekneae  of  a  relatively 
thin  pile  fabric  stould  deserve  consideration.  Also  included  In  this 
report  are  the  results  of  a  study  on  the  aatheaetical  relationship  between 
tha  wrath  of  a  fabric  ecd  the  p^rcleal  properties  of  the  fabric. 

■j  TCBLICUriCK  HKVISk 


.*  report  hac  se«n  reviewed  and  1*  approved. 


■ADC  TH 

i 


111 


t-'-rtj  or  ccaraMs 


la* 


uracaxmcM . 

1  fils  fabrics  for  DiSLUiioi .  l 

II  31XUSSUM  or  TiST  METHODS . 7 

III  J^LCUukTICK  OF  OOKDUCTaJC*  . .  10 

IV  BJ2UOOUFHX . l6 

V  AFFflIDa  I . 17 


MiDC  18  ^*-J7U 


It 


US T  CF  lLUHSudlCXS 


I 


.. .  -  *\ 


\ 


V 


V 


Figura 


1  Qicml  Conductanea  Taatar . 

2  Coupraaaitil  itjr  Tcatar . .  .  .  . . 

3  Conductanea  Versua  Qagrat  of  Foroeitar  Curv#  .  .  . 

4  Coa%raaaioc  Curvaa  for  Soaflaa  4^8,  4oC  and  Ux.  . 

5  Cctfiraeeion  Curvaa  for  Senplaa  43+,  **66  and  1*o«.  . 

6  Coi^xaaaicsn  Curvaa  for  Seoplaa  470,  4/2  and  474.  . 

7  Coajxaaaion  Curvsa  for  Secplea  476.  478  and  4go.  . 

8  Coe^raaalor.  Curvaa  for  Sauplva  4g2,  4g4  and  4go.  . 

9  Corral  aloe  Curvaa  for  Sables  MI,  KL3  and  MC,  . 

10  Coa^raaslon  Curvaa  for  Saaplva  HL4,  KLFi,  KL6 

and  MI7 . 

11  Coajxeaaior  Curvaa  far  Sex.  '*•  ‘/L8,  MLfJ  and  M1Q  . 

12  Coaipraealoa  Curvaa  for  Saxfuia  i,  2  and  4.  .  . 

13  Co^reaaion  Curvaa  for  Jaa^laa  3<  5  and 

14  Cosfxaaalon  Curvaa  for  ifisjdai’J,  J  mai  j . 

19  Fcroaity  Varaua  Thiacnaaa  Curvaa  for  Saqplaa  8, 

455,  462  and  43* . . . .  .  . 

16  Foroaity  Varaua  TMdtnaaa  Curvaa  /or  Sanplea  t,  7, 

468  and  **<$4 . ,  .  .  . 

17  Fcroaity  Varaua  Thiocnaaa  Curvaa  for  Saaplaa  3*  6- 

458,  470  and  474  . .  .  . 

18  Foroaity  Varrui  Thlcknatt  Our..*  for  Sao^lav  466. 

472.  478  and  480  . 

19  Foroaity  Varaua  thicaccaaa  Curve*  for  Saaplea  1,  2, 

4.  9,  476,  482  «M  4«i6 . 

20  Fcroaity  Varaua  $iidn»«9  Curias  for  St j^plaa  Ml, 

MLC.  M3  and  W-7  . . . 

21  Foroaity  Varaua  tSdcinasa  Curvaa  for  Saaplaa  KL4, 

HL5  and  KLb. . 

22  Foroaity  Varaua  Thldmaaa  Curvaa  for  Saaplaa  XL8, 

KL9  and  KUO . 

21  Wight  to  Wamth  Ratio,  Bar  Graph. . 

24  Ho  Load  Foroaity,  Bor  Cruph.  ........... 

2*  %  Coepraaaitllity,  Bar  Graph  . . .  .  . 


8 

5 

1* 

18 

19 

20 
21 
22 

23 

24 


27 

28 

29 

30 
51 

32 

33 

34 

35 

36 

37 
3o 
39 


aidC  IS  54-3’4 


7 


LIST  OF  TABLES 


Ikole  Fc*:e 

1  e/ven  Cut  iile  Fabrics .  2 

2  Kr.it  ted- Laser  ted  File  Fabrics . 3 

3  Knitted  and  Kapp?d  File  Fabrics . u 

U  Complete  Physical  Fropertie?  or  "a»..ple;'  1  and  KL  10  .  C 

3  Ifaysical  Properties  of  Fifteen  Fabric? . 13 

o  Correlation  equation  Terms  .  lL 


C 


INTRODUCTION 


This  project  whs  a  result  of  the  wool  conservation  program. 
Currently  a  wool  pile  fabric  with  a  woven  cotton  base  cloth  is  being 
used  extensive !v  by  the  .  ir  Force  as  an  insulation  fabric  in  flight 
raiments,  aold  weather  rear,  etc.  The  objective  of  this  investiga¬ 
tion  was  to  develop  an  insulation  fabric  of  synthetic  fibers  or  fibers 
other  than  wool,  that  would  be  equal  to  or  ar.  improvement  over  the  prc3 
ent'ly  used  wool  rile  fabric.  First  attempts  included  the  development 
of  a  honeycomb  weave  fabric.  This  tyre  fabric  contains  a  considerable 
ar.ount  of  air  space  which  is  a  renuirement  of  a  good  insulating  fabric; 
however,  for  prop  r  warmth  an  increase  in  thickness  would  be  necessary 
which,  in  turn,  wou  d  increase  the  weight  to  the  extent  that  this  type 
fabric  would  not  be  oractical  .  Consideration  was  also  given  to  a 
freize  type  fabric  which,  in  many  cases,  also  ore  lents  a  weight  prob¬ 
lem.  Pile  fabrics,  on  the  other  hand,  can  be  light  weight,  of  required 
thickness,  and  low  cost. 
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HU  FABRICS  FOr:  iHSUUIiC* 


ii thm^h  the  tMic  requlrensnt  of  an  inula ti or.  fabric  i*  to  proaace 
proper  Mar ctb  for  tb*  wearer,  there  aro  other  raqiureaacta  tmt  auot  be 
tail  an  Into  cone  ieret ion.  They  are  wearability,  tendency  to  "oat"  after 
being  coapressed,  shr inaagw  to  .uuadering  am  sewaciiity. 

Because  the  insulation  fabric  la  saplayod  between  layer*  of  other 
fabric*,  there  1*  no  requiresnat  for  abrasion  resistance;  ho*  aver,  it  la 
required  to  have  food  wearability.  Wear  ability  ia  a  general  requireaent 
which  includes  physical  propartlaa  not  usually  called  out  aa  a  Infinite 
require  -ant  in  addition  to  the  basic  requireoente.  in  insulation  fabric 
that  baa  good  wear  properties  will  exhibit  nearly  the  aaaa  physical 
properties,  after  being  put  into  service  tot  ) roloaged  length*  of  tin*-, 
as  It  initially  exhibited. 

%  ce  considered  in  aval ’eating  the  suitability  of  a  pile  fabric  la 
the  tendency  to  "aat"  or  ■fat"  after  being  compressed.  It  would  be  vary 
undesirable  for  a  pile  fabric  to  resain  at  the  coa$>reaaed  tnickneaa  after 
a  load  la  relieved.  7h*  thickness,  and  consequently  the  porosity  (par 
cant  air),  which  art  the  detanaltung  warmth  properties  of  a  fabric,  would 
be  rsduosd.  Therefore,  the  fabric  should  be  resilient,  or  should  return 
to  tbe  original  thickr.es*  after  being  coapressed. 

Hinliaxs  ehrincege  In  cleaning  and  good  eewaMllty  are  obvious  require- 
aests.  lose  gu-jwots  which  waploy  the  use  of  an  insulation  'abrlc  will  be 
laundered,  while  others  uey  be  dry  cleaned.  The  seweblllty  characteristics 
of  the  insulation  fabric  should  not  necessitate  the  use  of  aqy  equlpoant 
other  than  conventional  types  used  in  fabrication  of  clothing. 

The  results  of  teste  conducted  on  all  fabrics  are  given  la  Tables  1, 

2  end  3-  Compression  versus  thi esses*  curves  and  porosity  versus  thick¬ 
ness  curves  ore  presented  In  Appendix  I  to  further  illustrate  thsne 
character  let  ice  of  each  faorlc.  Figures  2*.  2h  and  .*■  of  ^ipendix  I  are 
bar  gem phs  which  show  the  welght-to-warstii  ratio,  no  load  porosity,  and 
oomprvwi^iiity*  respectively,  for  each  fabric. 

Woven,  cut  pile,  fabrics;  Haeufacturer:  floodall-aenford,  Inc. 

These  fabrics  were  constructed  like  the  standard  wool  pils  fabric 
described  In  Specification  HU-C-^bJ*  weights  and  thicknesses  of  ell 

at  these  vu,.oi  were  nearly  the  teas,  ranging  in  thickness  ffoa  ,2^S  inch 
to  .3t$  inch,  and  in  weight  from  lj.75  ounces  per  square  yard  to  18.86 
ounoes  per  aqunre  yard. 

Advantages  cf  these  fabrics  arc  that  they  possess  good  compression  am 
resilience  properties.  Shrinkage  can  be  rteld  to  »  rloiiaui  doe  to  the 
co  a  struct  ion,  aai  there  will  be  no  iabvi  cation  problen. 
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Dla af  "snUges  of  this  type  of  fabric  are  that  reorly  all  of  the 
■maples  s^re  a a  heavy  or  heavier  than  toe  wool  control  aan^le  and  t.e 
poroeitles  ware  generally  low  wtu_h  contributes  to  toe  high  wti^ht-to- 
warmth  ratio.  11 *»  cost  of  this  type  fabric  would  be  somewhat  higher 
than  a  similar  knitted  fabric. 

Knitted,  f-eerted.  pile.  fabrics  jjmofsctursri  i^eor^yj  W.  horg 

These  fabrics  sere  sale  by  inserting  the  pile  from  u  sliver  form 
late  the  beae  fabric  while  on  the  enduing  machine.  The  machine  pulls 
the  fibers  into  the  base  fabric  and  an^bo^s  thee  eo  they  can  not  be 
racily  pulled  out.  The  thicknesses  and  weight*  of  those  Bailee  wore 
all  nearly  the  same  axcopt  for  KL  9  and  ML  10  which  were  considerably 
lighter  and  not  <;uite  as  thick. 

id  vantages  of  this  type  of  fabric  are  high  porosities,  lew  conduc¬ 
tance.  and  relatively  low  coot. 

Disadvantages  include  high  weight  and  therefore  hl|h  weight- to- warmth 
ratio.  ML  9  and  ML  10  being  lighter  weight  had  lower  wai^t-to-warmth 
ratios;  however,  the  compressibility  of  those  fabrics  taka  hi£i.  Also  the 
shrinkage  In  laundering  wee  high. 

Knitted,  napped  pile  fabric;  Manufacturer:  Princeton  Knitting 
mils,  Inc. _ 

These  fabrics  were  knitted  with  a  terry  loop  on  the  face  which  was 
napped  to  give  a  smooth  pile  effect.  These  fabrics  were  light  weight  end 
not  very  thick. 

Advantages  of  this  typo  fabric  arc  light  weight,  hi£»  porosity, 
gpod  strength,  and  low  coat. 

Disadvantages  are  not  outatnr  '  L-g. 

One  fabric  of  the  knitted.  Inserted  pile  type,  ML  10.  and  out  of  the 
knitted  tupped  pile  type.  Mo.  1,  were  considered  to  poaeeea  the  beet 
qualities  of  the  camples  submitted.  ?.\fflei*nt  yardage  of  the  tuples 
was  requested  at  th»  contractor  for  further  test  and  evaluation.  Complete 
ptgrsloal  properties  of  these  samples  are  presented  in  Table  U.  Considera¬ 
tion  baa  been  given  to  a  double  thickness  of  Sasple  No.  1.  There  is  a 
somewhat  greeter  warmth  obtained  from  a  double  thickness  of  e  fabric  then 
a  single  fabric  of  the  seme  total  thickness.*  In  this  case  the  total 
Dwight  would  he  lata  than  that  of  the  star.lsrd  aaople,  the  thickness 
slightly  more,  and  the  warmth  afforded  would  be  greater.  The  porosity  is 
high  enough  for  proper  warmth,  as  shown  in  Table  },  and  yet.  low  r rough 
to  eliminate  any  lnrilatlon  lose  due  to  convection  air  currents.  The 
diaadvcute^i  of  this  particular  material  is  flaamahility.  Such  a  fabric 
nde  of  Crlan  it  very  flamaahle. 

•  American  Wool  Handbook,  Second  Xdltioc,  l^bg,  p.  162. 
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CCKPUTK  W-Z-.Al  F:  -fTIi  .'-W.  l.-r  l  AST)  ML  10 


Prcx>«  tlee 

So.  1 

ML  10 

Weight  ot/jpd^ 

6.99 

10.78 

Break lag  strength  -  lbe/ia 

thlee 

48.8 

40.0 

Courses 

52.0 

35-0 

Bursting  etrength  -  lta 

Soil  buret 

98.4 

60.0 

Thickness  -  Ins 

.3a 

.27U 

MB  £xtrhc table  Better  -  4 

1.19 

0.74  « 

aaribkece  is  leuaderi^ 

100T  -  4 

Melee 

1.21 

7.3^ 

Coureee 

.33 

+1.71 

212t  -  4 

Melee 

16.71 

1.14 

Coureee 

3-92 

19.  a 

Thickness  after  ’sundering  -  las. 

100*T 

.315 

.280 

212-T 

.180 

.274 

Coe^reselbility  -  4 

Original 

53.76 

&.Q5 

After  IOC*!*  laundering 

55.U2 

58.57 

After  2l2*F  laundering 

55.68 

45.25 

weight  to  wrath  ratio 

17.76 

44.35 

*  OG4  UMd  laatead  of  MB 


3u.-n.-ury 

It  can  concluded  taat  ayiUhotic  pllo  fubrics  are  squally  a*  warn  aa 
wool  pile  fabrics  aui  in  aost  cases  cau  Is  mads  lifter.  In  the  event  that 
tie  present  supply  of  wool  vara  to  becos^  critical  or  that  the  Aeaand  for 
wool  exceeded  the  availability,  a  suitable  synthetic  pile  fabric  could  be 
produced  economical ly  to  replace  the  pretantiy  used  wool  pile  fabric. 
However ,  it  would  not  be  advantageous  to  utilite  synthetics  unless  sum.  a 
condition  should  arise,  because  of  the  fl.  jnsabillty  characteristics  of  such 
synthetic  fabrics.  Generally,  ^nothslic  pile  fabrics  will  aslt  or  bum 
very  r  up  idly,  In  contrast  to  wool  pile  fabrics  which  neither  salt  nor 
exhibit  a  fast  rats  of  ourai/^. 
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Ihe  apparatus  used  was  a  Central  Scientific  Coqpaiv  thsraal  conductance 
lev i os,  Figure  1.  This  device  does  not  take  Into  consideration  the  unit 
thickness  of  the  test  taaple,  but  rather  the  total  thiecuee.  khan  toe 
sesple  had  been  positioned  for  teat  It  was  oppressed  to  a  pressure  of  23 
graae  per  square  Inch.  Hj  use  of  the  line  rheostat,  the  euvseoaeter  was 
then  adjusted  eligitly  above  full  scale  reading,  Aa  hast  was  transmitted 
through  the  fabric,  the  galvrmoeeter  needle  deflected  downward  until  it 
reached  thr  full  scale  eerie,  at  which  ties  the  test  was  started.  Galvanom¬ 
eter  readings  were  taken  in  increments  of  5  almtes  for  30  ainutee  and 
recorded. 

The  galvanometer  rending*  wars  plotted  on  a  seed  log  scale.  T  axIc, 
against  7ti.oe*  on  the  rectangriar  scale,  X  axis.  Tram  this  cures  the 
Central  Scientific  Coqptry  teeter  gave  the  conductance  corresponding  to 
the  angle  of  depression.  The  conductance  represents  the  rato  of  boat 
trsusicaioh  without  consideration  of  fabric  thiccnesa.  If  the  conductance 
is  nil  tipi  led  by  the  sasple  weight  in  ouncee  per  square  yard,  the  result 
is  the  weigh l-to-war at h  ratio,  which  it  defined  as  the  wei  Jit  of  the 
aaterlai  necessary  t:  produce  a  conductance  of  1.00. 

ooewssaiurr  a*j  rcaosirr 

Co^reeeibility  -  The  apparatus  used  was  a  cylindrical  glass  tube  1.5 
Inches  ia  disaster  with  a  fixed  rule  attached,  which  was  graduated  in 
1/100  inches.  See  Flgtre  2.  For  each  test,  five  staple  thicknesses,  1.5 
inches  in  dlanstsr  were  pieced  ia  the  graduated  cylinder.  Thin  pieces  of 
paper  of  the  sees  disaster  ae  the  samples  ware  pieced  between  tech  staple 
to  prevent  then  froo  intereeehing  at  the  plane  of  contact.  Known  weights 
were  applied  da  increments  of  16  grass  per  square  inch  froe  0  load  to  a 
load  of  17o  grams  per  square  inch  from  which  the  cotpresslon  curves  in 
Appendix  I  were  plotted. 


odc  a  5--37u 


7 


coo^rttaibility  was  deter&'tned  as  follows: 


a.  %  Compraeeibllity  *  (no  load  tm  access  -  full  load  tfalacneis)  X  100 

So  load  tnlcir.eas 


it  1*  to  be  noted  that  the  above  thlckzu>as  la  'weed  on  one  sample 
thlcicieaa.  The  OdcJcness  dvcan  froa  the  scale  during  test  w  reduced  by 
toe  thickness  of  ttM  separator*  and  advidad  by  the  nuaber  of  sables 
taatod. 


The  porosity,  percent  air  by  voluas,  was  calculated  for  each  fabric 
thickness  obtained  la  ietersdnatlon  of  compressibility,  Poroeity  versus 
thlocnaes  ourvaa  ware  plotted  and  are  preaaatad  la  Appendix  I.  Qaa 
porosity  waui  calculated  aa  follows: 


t.  ir 


.00338  x  i  x  100 

^ - 


c.  P  *  ICO  %  T 


tttere:  .00338  converts  ounces  par  aquara  yard  to  grass  per  square  oentlaeter 
\  T  =  parcant  fiber  by  voluae 
v  »  fabric  weight  la  ounces  per  square  yard 
t  ■  fabric  thickness  la  cennlaeters 
0^  a  fiber  density  la  grass  per  cubic  centimeter 
f  =  porosity  -  percent  air  by  volune 

In  determining  the  compressibility  by  the  above  outlined  aethod  there 
it  one  eouroe  of  error  that  could  very  pcaelbly  affect  the  reeults.  The 
staples  tend  to  spread  out  ee  Might  ie  applied  on  top  of  thaa.  This 
am isea  the  surface  around  the  clrorefarence  of  the  tables  to  be  pressed 
agidnat  the  walla  of  the  glass  cylinder,  which  exerts  a  frictional  force 
against  downward  xovsaaat  as  additional  weights  are  applied.  This  source 
of  error  le  evident;  however,  it  is  small. 


CXLOUUTICM  or  00ET3TAM* 

The  total  wereth  of  a  fabric  la  deteralaed  by  the  heat  transmission 
properties  of  that  fabric.  A  “ware*  fabric  acts  as  an  insulator,  and 
therefore  resists  the  tranaai  salon  of  heat. 

xotal  insulation  would  be  a  perfect  vacuus.  For  practical  applications, 
dead  air  space  le  the  beet  insulator,  or  froa  a  textile  standpoint,  the 
fabric  with  toe  aighest  perosity .  The  per  cant  air  in  a  fabric  by  velune  is 
celled  porosity.  Over  a  wide  range  of  ril»  fabrics,  including  napped, 
insert  ad,  and  cut  pile,  the  results  of  uny  tests  show  that  tne  porosities 
of  these  fabrics,  unloaded,  are  in  excess  of  rjC|l  and  .less  than  9^.  He  suits 
preemted  lc  Tables  1,  2  and  3  «how  that  tne  porosities  are  all  nearly  the 
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•f  t*.  It  hat  alto  been  established  that  the  type  of  liber  baa  very  little 
effect  on  the  therael  insuiwtion  of  a  fabric.  The  little  effect  which  sight 
be  tue  to  the  type  of  fiber  i«  either  too  mall  to  zmaeure  or  ,&u*ked  by 
other  factor*  which  have  a  auch  greater  effect.  Iters  fore,  the  aost 
important  properties  of  wo  insulating  pile  fabric  are  the  co:.;r rsiio.'-wu 
reaietance  of  the  fabric  and  the  tendency  of  t at  fabric  to  return  to  it* 
original  thicksets  after  repeated  cycle*  of  loading  and  unload  lug,  misusing 
that  the  Initial  thiatnet*  can  be  controlled.^ 

There  la  a  definite  relationship  betwesn  the  warath  of  a  fabric  and  its 
degree  of  poroeity  (poroaity  z  thickness),  The  most  practical  naanireawnt 
of  waratn  is  by  determination  of  the  tnaraal  conductance,  C.  which  ia 
defined  aa  the  aaount  of  hnat  to  pass  through  a  given  mdiun  of  certain  area 
over  a  definite  length  of  tine  with  a  glvnn  te^erature  difference  (calorie* 
par  second  per  square  can t la* ter,  per  1°0.  Ta^erature  differential).  The 
assumption  will  be  aede  that  the  conductance  of  a  fabric  1*  proportional  to 
tta-  decree  of  porosity  of  the  fabric.  That  is 

(a)  C'  tP 

where  t  is  the  fabric  thickness  in  cantiasters  and  t  is  the  porosity  of  the 
fabric.  Theoretically,  If  the  thickress  is  increased,  the  conductance  will 
decrease,  LLcevise,  if  the  poroeity  it  increased,  the  ccoductence  will 
d*cre»  >4  and  therefore 

(b)  C  -  -jJ- 

wtoere  b  ia  an  aquation  constant.  There  will  sXways  be  a  certain  aaount  of 
air  in  a  fabric,  and  h  will  be  greater  than  0.  Keeping  this  in  wind,  let  t 
approach  0.  and  C(  will  approach  infinity.  Than  let  t  approach  infinity  and 
C  will  approach  0.  Theoretically,  than,  equation  (b)  satlfles  the 
conditions  of  a  rectangular  iyperbola.  the  emtatlon  of  which  is 


where  y  ■  C' ,  k  •  b.  and  z  *  tf . 

If  both  sides  of  equation  (b)  are  eultlpllsd  by  tP,  that 
(d:  b  -  C*  Pt 

t  aey  b*  measured  directly  In  cent  la*  tars,  p  nay  be  deterained  frca 
equation*  lb)  and  (c)  froa  the  discussion  of  test  asthods.  To  determine 
0,  auny  analytical  eseairasent*  w*r*  made  an  a  Central  Scientific  Coapany 
theraal  conductance  devioe  with  fabrics  of  different  structure,  weight  and 
thickness.  Prom  these  teat  results  an  average  b  was  deterained  froa 
equation  (d).  Prom  15  fabrics  the  average  b  was  1.5**  and  therefore. 

(e)  S'  * 
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Ifce  lasl;  heut  low  for  any  material  stats*  that  Ct  r  K;  where  K  is  »»ie 
tbsrasl  conductivity  of  th_-  Material  la  cal /sac/ cw/ car /“C.  If  i  of  a  fabric 
is  auitipllsd  by  tbs  porosity ,  percent  air,  la  the  fabric,  the  result  . s  tbs 
thsroal  conductivity  of  air,  and  therefore  X^r  »  1,^4  a  b. 

Actual  tsst*  have  is  an  coaiuctsd  to  detaralne  the  car^luctoacj  of  air  on 
tbs  Central  Scientific  Company  therm!  conductance  device  with  a  Masoned 
air  spec#  cf  1  ca.  Tbs  cor.iuctancs  of  air  wis  found  to  Is  1.47  c&l/car/eec/ 
•C.  If  t  «  1  in  the  basic  heat  las,  C  «  £,  tbe  theraad  conductivity  of  air 
would  b#  1.47  ual/ssc/cs/car/*C. 

Bus  data  in  Bible  5  give  tbs  physical  proparties  of  15  fabrics  tsstad 
whloh  Include  tbs  conductance  obtained  by  test  C  and  the  calculated  conduc¬ 
tance  obtal'*<d  frosj  equation  (•),  C1.  Table  6  gives  the  numerical  coeffi- 
ciant  of  coi-n—ation  based  an  a  perfect  correlation  factor  of  1.0. 

file  calculated  conductance,  C,  appears  to  oorrslate  quite  well  with  the 
conductance,  C,  obtained  by  test,  figure  3  snows  the  relationship  of  tne 
twatai  conductance  to  the  decree  of  porosity*  However,  there  are  several 
source*  of  arrcr  possible  to  affect  the  result*.  £zacple*  are  uachine  error, 
arror  in  reading  tbs  eachina,  laaoourate  loading  and  alight  variation  in 
rut*  cuiditlcA*.  Probably  the  aost  likely  source  of  error  in  calculating  3' 
1*  taking  the  saqple  thickncea.  is  previously  stated,  S  woe  based  on  a 
fabr  :  thickness  corresponding  to  a  load  of  23  ga/ iac,  and  that  thicks*** 
was  .  ot  actually  recorded.  Since  it  was  necessary  to  know  this  thictneiR 
to  aslcuiats  C'  so  both  C  and  C1  would  be  based  on  the  sane  thickrwao,  the 
thickness  coi  reepooiiog  tc  a  load  of  23  ga/in^  was  taken  from  coegsresoion 
curve*  slallar  to  those  in  Appendix  I. 

*hoa  the  lata  in  Tfcbla  b,  the  results  show  thure  Is  better  correlation 
between  3  and  C'  In  the  rang*  of  higher  porosities.  This  can  be  explained 
&mi  to  the  fact  that  equation  (*)  do**  not  take  in  consideration  the  t tarsal 
characteristic#  of  the  fibrous  taterial.  In  the  rang*  of  higtar  porosities 
wluu  for  exeagle,  eft  fiber  by  voluae,  the  aacont  of  floor  ha*  an  aztreaoly 
•Mall  effect  on  beat  transmission.  However,  in  the  case  of  felt  where  there 
1*  2bjt  fiber,  the  heat  trwnusi  salon  1*  affactod  and  equation  (e)  Joes  not 
apply  with  as  great  a  degree  of  accuracy.  If  tha  lied  ting  factors  of 
equation  (a)  are  tetcen  to  the  extreme  where  1  approaches  0,  the  conductance 
would  Increase  to  an  infinite  war  lain,  which  in  no  case  woula  ever  be  true, 
ill  material*  exhibit  some  resistance  to  taut  transad* jinn.  In  a  nonporous 
Material  the  heat  transalMiac  characteristics  dan  not  be  based  on  the  aswunt 
of  air,  but  00  the  tharaal  prepertiee  of  the  notarial,  in  the  case  of 
fabrics  it  would  bo  highly  osgslicated  to  consider  the  eflect  of  the  fibrous 
mt  trial  in  d* training  corviuctanoe.  la  such  case,  factors  requiring 
ccnsliaration  would  be  conductivity  of  the  fibrous  sat  rial,  area  of  fiber 
in  contact  with  the  source  of  heat,  and  tha  arrangeasnt  of  the  fleers. 

Still,  equation  (*)  will  hold  true  with  a  nagllbie  degree  of  error  for 
fabrics  with  porosities  in  azesss  of  sixvit  3^t. 
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Itj'tlcfcl  Ircj-arti**  of  niUw.  Fabric* 


Table  6 
Equation  T*ru 


Sample 

r-esigruition 

*1 

*2 

4 

? 

X2 

Vs 

1 

3.fO 

3.3? 

12.20 

11. bO 

11.82 

2 

1.73 

1.6} 

2.98 

2.£t> 

2.8 2 

3 

fa.  76 

5. 97 

^.50 

35.60 

bO. bO 

4 

2.32 

2.54 

5-38 

6.43 

5.88 

5 

2.89 

2.?6 

8.35 

7. to 

7.97 

6 

3.79 

3.  so 

14.15 

It. bO 

lL.39 

y 

2.83 

2.U6 

8.  CO 

6.03 

6.96 

8 

2.46 

2.37 

fa.03 

9.61 

5.83 

5 

3.11 

3.35 

9.0* 

11.20 

10.41 

10 

3.?fa 

3.69 

10.61 

13.60 

12.02 

11 

2.51* 

2.U2 

6.U5 

5.85 

6.14 

12 

1.73 

1.87 

2.99 

3.50 

3.23 

13 

1.64 

1.87 

2.69 

3.50 

3.07 

lW 

1.58 

1.58 

2.50 

2.50 

2.bg 

15 

3-25 

2.38 

10.60 

5.c5 

7.83 

Total 

^3-^3 

42.07 

lUg.27 

135.53 

141.29 

=  Calculated  conductances  C* ;  which  le  to  be  estisiated 
2U,  *  Conductances  toy  test  C 
S  *  Boater  of  wire— ate 
^  »  Coefficient  of  eorrelaticn 

Mbm  the  values  fro*  Table  6  are  eutetitutoa  in  the  following  equation, 

NZX.Xa-  <ZX,XZXt) 
v/E NIX?  -(ZX,f3CNZXj-  (ZXgfl 

the  coefficient  of  correlation, 

-  .977 

lb 
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